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(54) ELECTRODE SUBSTRATE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve moisture resistance while keeping high 
transmissivity and improve moisture resistance while keeping high reflectance index by < 
arranging an insulating film of which the refractive index is larger than a specified value 
on a three-layer electrode. 

SOLUTION: For an electrode base board 1, a three-layer electrode is made of glass 
board 11, a transparent oxide film 12 as a stripe-pattern-shaped transparent electrode, , 
a silver film 13, and a transparent oxide film 14. An insulating film 15 being cerium 
oxides is made to cover the pattern of this three-layer electrode, and this is made an 
electrode based board 1. Moisture resistance can be improved while keeping high 
>- transmissivity and moisture resistance can be improved while keeping high reflectance, 
ft- by arranging it on the three- layer electrode, enlarging the refractive index of the 
^ insulating film 15 more than 2.1. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The electrode substrate characterized by coming to arrange an insulator layer with a larger refractive 
index than 2.1 on the above-mentioned electric conduction film in the electrode substrate equipped with the 
electric conduction film of a configuration of pinching a silver system thin film with a transparence oxide thin film 
on a substrate. 

[Claim 2] The electrode substrate according to claim 1 characterized by the base material of the above- 
mentioned insulator layer being cerium oxide. 

[Claim 3] The electrode substrate according to claim 1 or 2 characterized by being in the range whose thickness 
of the above-mentioned insulator layer is 1nm - 70nm. 

[Claim 4] The electrode substrate according to claim 1, 2, or 3 characterized by being in the range whose 
thickness of the above-mentioned silver system thin film is 4nm - 1 7nm. 

[Claim 5] The electrode substrate according to claim 1, 2, or 3 characterized by being in the range whose 
thickness of the above-mentioned silver system thin film is 50nm - 200nm. 

[Claim 6] The electrode substrate according to claim 1, 2, 3, 4, or 5 with which the base material of the above- 
mentioned transparence oxide thin film is characterized by being the mixed oxide of cerium oxide and indium oxide. 
[Claim 7] The electrode substrate according to claim 1, 2, 3, 4, or 6 characterized by arranging the color filter 
between the above-mentioned substrate and the electric conduction film. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] With respect to the transparent electrode or reflector the electrode substrate of 
transparent electrodes for displays, such as a liquid crystal display, an I/O device, or a plasma display, or a 
reflector, or for solar batteries, especially this invention has conductivity and high visible-ray permeability at a 
thin film, and relates to the electrode substrate which was moreover excellent in preservation stability. 
[0002] 

[Description of the Prior Art] The electrode plate with which the transparence electric conduction film of the 
electrode configuration which penetrates a visible ray was prepared on substrates, such as glass and plastic film, 
is widely used for the I/O electrode which carries out a direct input from the display screen of the electrode for a 
display of various displays, such as a liquid crystal display, or this display. For example, the transparent electrode 
plate of the display unit with which liquid crystal was used The color filter layer 37 which is prepared in the pixel 
part on a glass substrate 31 and this glass substrate 31, and colors that transmitted light red, green, and blue for 
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every pixel, respectively as shown in drawing 2 , The light-shielding film 38 which is prepared in the part between 
the pixels on the above-mentioned glass substrate 31 (about pixel Mabe), and prevents the light transmission 
from this part, That principal part consists of a protective layer 39 prepared all over the above-mentioned color 
filter layer 37, a transparent electrode 40 formed on this protective layer 39, and orientation film 41 formed on 
this transparent electrode 40. And membranes are formed by sputtering and the above-mentioned transparent 
electrode 40 is constituted by the transparence electric conduction coat etched into the predetermined pattern. 
[0003] The ITO thin film which added tin oxide in indium oxide as this transparence electric conduction coat 
paying attention to that high conductivity is used widely, that specific resistance is 2.4x10-4 ohm-cm about, and, 
in the case of the 240nm thickness usually applied as a transparent electrode, that sheet resistivity is about 
10ohm/**. Moreover, although the tin oxide thin film, the thin film (Nesa membrane) constituted by this tin oxide 
by adding antimony oxide, the thin film constituted by the zinc oxide by adding an aluminum oxide are known in 
addition to this, each of these is inferior to the above-mentioned ITO thin film in that conductivity, and since 
chemical resistance or a water resisting property to an acid or alkali etc. is inadequate, generally they has not 
spread. 

[0004] The transparence electric conduction film of the three-tiered structure which the front rear face of a 
silver thin film is made to carry out the laminating of an ITO thin film or the indium oxide thin film (IO thin film) as 
heat ray reflective film, and is constituted in the 7thICVM held in Japan in 1982 on the other hand is proposed. 
The transparence electric conduction film of this three-tiered structure has sheet resistivity with low about 
5ohms / ** extent, and the application to the above-mentioned transparent electrode was expected taking 
advantage of that high conductivity. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, in the above-mentioned display unit or the I/O device, it 
is required that increasing a pixel consistency and displaying a precise screen in recent years should be called for, 
and the eburnation of the above-mentioned transparent electrode pattern should be demanded in connection with 
this, for example, the terminal area of the above-mentioned transparent electrode should be constituted from a 
pitch which is about 1 00 micrometers. Moreover, in the method (COG) with which direct continuation of the IC for 
a liquid crystal drive is carried out to a substrate in liquid crystal display equipment, there is a part from which 
leading about of wiring serves as a thin line called width of face of 20-50 micrometers, and the advanced etching 
processing suitability which is not in the former, and high conductivity (low resistivity) are demanded. 
[0006] Moreover, in order to also call for enlargement of the display screen on the other hand, to form the 
transparent electrode of a precise pattern which was mentioned above about such big screen-ization and to 
enable it to impress sufficient driver voltage for liquid crystal moreover, the transparence electric conduction film 
equipped with the high conductivity below 5ohms / **, as the above-mentioned transparent electrode needed to 
be applied, moreover — in addition, when performing the multi-gradation display of 16 or more gradation in the 
liquid crystal display of the passive-matrix drive method using STN LCD etc., low sheet resistivity is demanded of 
the pan below 3ohms / **. 

[0007] However, also in the transparence electric conduction film of the above-mentioned three-tiered structure 
proposed in the 7thICVM, the sheet resistivity of at most 5ohms / ** extent did not pass to be obtained, but 
there was a trouble that sufficient conductivity was not securable. In addition, although it is possible to reduce 
the sheet resistivity to about 3ohms / ** by making thickness of a silver thin film thick to about 16-18nm, 
visible-ray permeability (especially a long wave with a wavelength of about 610nm visible-ray permeability by the 
side of merit) will fall to about 75%, and the function as transparence electric conduction film will be spoiled. 
[0008] furthermore, the moisture in the air into which the silver thin film advanced from the laminating interface 
etc. in the transparence electric conduction film of the above-mentioned three-tiered structure — combining — 
easy — the front face — a reactant — generating — silverfish — when the defect of a ** was produced, for 
example, it applied to the transparent electrode of a liquid crystal display, the trouble of being easy to produce a 
display defect etc. was shown in the front face. It is in offering the transparence electric conduction film which 
this invention is made paying attention to such a trouble, and conductivity and whose visible-ray permeability are 
[ the place made into the technical problem ] high at a thin film, moreover does not have degradation with the 
passage of time, and was excellent in preservation stability. 

[0009] On the other hand, in the transparent electrode for solar batteries, hydrogen plasma resistance is needed 
due to the manufacture process. For this reason, it is common to use the transparent electrode which uses a zinc 
oxide with high hydrogen plasma resistance as a base material. However, what carried out the fluorine dope, and 
the thing which carried out alumina addition also had high resistance, and the transparent electrode of a zinc- 
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oxide system needed to form it in 400nm - 800nm and quite thick thickness as a transparent electrode for solar 
batteries. 

[0010] this invention persons have proposed the electrode substrate in which the electric conduction film of a 
configuration of pinching the silver system thin film which considers as the electrode substrate which can solve 
these problems mostly, for example, contains 0.1~3at% copper with a transparence oxide thin film was formed. 
However, although practical use level had this configuration mostly, its moisture resistance was a little inadequate, 
copper — 1at% — when the electrode substrate with the electric conduction film (it abbreviates to a three-layer 
electrode hereafter) of a configuration of pinching the silver system thin film to contain with a transparence oxide 
thin film was kept under the high-humidity /temperature environment of 60 degrees C and 95% humidity, the 
problem which minute silverfish generates was in the pattern before or after about 200 hours. 
[0011] 

[Means for Solving the Problem] When this invention persons repeated examination wholeheartedly in view of the 
above technical technical problems, it discovered obtaining a result with the sufficient configuration which formed 
the insulator layer which is excellent in a high refractive index and chemical resistance on the three-layer 
electrode as a protective coat. About a refractive index, a similarly high thing is desirable also in the transparence 
oxide thin film which pinches not only a protective coat but a silver system thin film. In the case of the three- 
layer electrode of the gestalt which touches a liquid crystal ingredient (the refractive index of the usual liquid 
crystal is 1.5 to about 1.6) and a color filter (extent to which the refractive index of the ingredient of a color filter 
exceeds 1.5 a little) with a refractive index higher than air, this inclination is remarkable. 

[0012] For example, although B line of drawing 4 shows a simulation result in case one side of the three-layer 
electrode formed on substrates, such as glass, is air, in permeability T, a reflection factor R falls 96% or more at a 
peak till the place near 1%. Here, thickness of the transparence oxide thin film of the side which touches 40nm in 
the thickness of the transparence oxide thin film by the side of a substrate, and touches 14nm and air in Ag 
thickness was set to 44nm. The refractive index of a transparence oxide thin film was calculated as the 2.0 
[ almost same ] as ITO. However, 40nm laminating of the orientation film of polyimide is carried out on a three- 
layer electrode, and if the refractive index of the liquid crystal which touches this is recalculated as 1.5, as shown 
in A of drawing 4 , permeability T and a reflection factor R will get quite bad. The peak of permeability will be less 
than 90%, and a reflection factor R will rise to about 10% near the wavelength of 550nm of light. 
[0013] From this, this invention persons changed the refractive index of a transparence oxide thin film, and 
performed count in the form where the polyimide film and liquid crystal as orientation film of liquid crystal touch a 
three-layer electrode (while changing the refractive index, the thickness of the transparence oxide thin film which 
pinches a silver system thin film was also adjusted, and it optimized mostly). A result is shown in drawing 3 . It 
turns out that permeability will improve if the one where the refractive index of a transparence oxide thin film is 
higher exceeds especially 2.1, and a reflection factor also falls. 

[0014] Thus, this invention persons have found out that optimization of the permeability is possible in the three- 
layer electrode by adjusting the thickness of a transparence oxide thin film corresponding to the thickness of a 
silver system thin film, this invention persons discovered further that this transparence oxide thin film could 
replace a part by the insulator layer of a high refractive index. It discovered collectively that the dependability of 
a three-layer electrode improved greatly by the replacement by the insulator layer. That is, invention concerning 
claim 1 is an electrode substrate characterized by coming to arrange an insulator layer with a larger refractive 
index than 2.1 on the above-mentioned electric conduction film in the electrode substrate equipped with the 
electric conduction film of a configuration of pinching a silver system thin film with a transparence oxide thin film 
on a substrate. 

[0015] Cerium oxide has the very high refractive index of about 2.5 also for strong alkali resistance in coincidence 
suddenly. In the form where it substitutes for a part of thickness of a transparence oxide thin film, the insulator 
layer which uses cerium oxide as a base material can be used. That is, invention concerning claim 2 is an 
electrode substrate according to claim 1 characterized by the base material of an insulator layer being cerium 
oxide. In cerium oxide, the oxide of other metals (or semimetal), such as tantalum oxide which is rich in acid-proof 
and alkali resistance, and an oxidation gallium, tin oxide, may be added. 

[0016] It is appropriate for formation of an insulator layer to set the thickness as the range of 1nm - 70nm. 
Although it may be thinner than 1nm, if it takes into consideration in accordance with the effectiveness (the 
configuration will tend to be destroyed by moisture etc. with this as the starting point if a three-layer electrode 
has a minute defect) of burying the thickness control at the time of membrane formation, and the defective part 
of a three-layer electrode, 1nm is required at least. Consideration of permeability and a reflection factor of the 
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thickness of one side of the transparence oxide thin film of a three-layer electrode chooses it from the range of 
20nm - 70nm in general. The maximum thickness of an insulator layer is good at 70nm noting that it substitutes 
for the transparence oxide thin film in an insulator layer. That is, it is the electrode substrate according to claim 1 
or 2 characterized by the range whose thickness of an insulator layer is 1nm - 70nm having invention concerning 
claim 3. 

[0017] As a result of repeating research still more deeply, this invention persons found out that there was 
suitable range for the thickness of a silver system thin film, when the refractive index of a transparence oxide thin 
film was made high. The simulation result at the time of setting the refractive index of a transparence oxide thin 
film to 2.3, and setting [ the thickness of the transparence oxide thin film by the side of a glass substrate (n= 1.5) 
/ the thickness of 35nm and a silver system thin film / the thickness of 12nm and the upper transparence oxide 
thin film ] the refractive index of 40nm and a medium (liquid crystal is assumed) to 1.5 for the thickness of 37nm 
and the polyimide film was shown in drawing 5 . The thinner one of the thickness of a silver system thin film has 
high permeability, and a reflection factor becomes low and shows the good inclination. When the thickness of a 
silver system thin film becomes thicker than 1 7nm, it turns out that it becomes difficult, as for permeability with a 
wavelength [ of light ] of 550nm, to maintain 90% or more, and there is the need of forming more thinly than 17nm. 
Moreover, if a silver system thin film is made thinner than 4nm, the homogeneous film will be hard to be formed in 
practice, and it will turn into island-like film deposition. When thinner than 4nm, since a reflection factor increases 
by such reason, as for the thickness of a silver system thin film, it is desirable to make it thicker than 4nm. In 
addition, of course with the configuration which uses the light source of high brightness as a back light a premise 
[ the transparency mold LCD ], a silver system thin film may be thickly formed from 17nm. That is, it is the 
electrode substrate according to claim 1, 2, or 3 characterized by the range whose thickness of a silver system 
thin film is 4nm - 17nm having invention concerning claim 4. 

[0018] Moreover, in a three-layer electrode, if the thickness of a silver system thin film is formed more thickly 
than 50nm, it will become a reflector with the high reflection factor of light. A reflector can be used as the 
reflector which served both as the reflecting plate and the drive electrode with the reflective mold liquid crystal 
display, or reflective film of the light which is a solar battery, and is formed in a semiconductor device rear face in 
order to raise photoelectric conversion efficiency. 2.3 is carried out for the refractive index of 1.5 and a 
transparence oxide thin film, and drawing 6 carries out [ the refractive index which is a medium ] simulation of the 
thickness of a silver system thin film for thickness as 50nm, 75nm, 100nm, and 200nm in 40nm. If the thickness of 
a silver system thin film exceeds 50nm, it will become a reflexibility electrode around 80%, and a reflection factor 
is saturated with 200nm, and it is shown that permeability also becomes about 0%. That is, it is the electrode 
substrate according to claim 1, 2, or 3 characterized by the range whose thickness of a silver system thin film is 
50nm - 200nm having invention concerning claim 5. 

[0019] In addition, although the substrate which forms a reflector may be transparent, it may be a substrate 
colored the color of white, and black and others. The quality of the material can also use various things, such as a 
substrate with which the semiconductor device of glass, plastic film, a ceramic, a metal, or an amorphous silicon 
was formed. 

[0020] By the way, the conventional three-layer electrode represented by the configuration of [ITO/Ag/ITO] has 
a big problem in moisture resistance. Moreover, since a refractive index is 1.8 to about 2.0, ITO cannot offer the 
three-layer electrode of high performance, this invention persons found out that the configuration using the mixed 
oxide of cerium oxide and indium oxide as a transparence oxide thin film of a three-layer electrode was extremely 
excellent in moisture resistance and an optical property, as a result of examining various oxide. That is, it is the 
electrode substrate according to claim 1, 2, 3, 4, or 5 with which invention concerning claim 6 is characterized by 
the base material of a transparence oxide thin film being the mixed oxide of cerium oxide and indium oxide. 
[0021] The transparence oxide thin films by this mixed oxide are the metallic element conversion (an oxygen 
element is not counted) contained as an oxide, and can offer the electrode substrate mostly equipped with the 
electric conduction film of practical use level for a cerium element as a three-layer electrode more than 5at% and 
by adding to more than 20at% and indium oxide preferably. When pattern formation is required as a three-layer 
electrode and it is premised on wet etching, as for the addition of a cerium element, less than [ 40at% ] is good. 
When it comes to more than 40at%, the pattern formation in wet etching becomes a little difficult. In the case of 
dry etching, this problem does not exist at the addition beyond 40at%, either. Moreover, when pattern formation is 
unnecessary, it is good also as a mixed oxide in the level which exceeds 40at(s)% for a cerium element. The 
refractive index of a transparence oxide thin film turns into a high refractive index as the rate of cerium oxide 
becomes high. It was [ in this invention persons' data ] n= 2.49 at n= 2.30 and 1 00at% in n= 2.24 and 40at% by n= 
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2.17 and 30at% at cerium 20at%. In addition, these refractive indexes are influenced according to the partial 
pressure of the oxygen gas at the time of membrane formation, the annealing temperature conditions after 
membrane formation, etc. 

[0022] The electrode substrate by this invention makes color display possible by arranging the color filter colored 
red, green, blue, etc. between a substrate and the three-layer electrode which is a transparent electrode, when 
using as an electrode substrate for displays. That is, invention concerning claim 7 is an electrode substrate 
according to claim 1, 2, 3, 4, or 6 characterized by arranging the color filter between a substrate and the electric 
conduction film. 
[0023] 

[Embodiment of the Invention] The gestalt of operation of this invention is stated to the following examples. 
[0024] 

[Example] Hereafter, the example of this invention is explained to a detail with reference to a drawing. 
<Example 1> the electrode substrate 1 concerning this example As shown in drawing 1 (a), as the glass substrate 
1 1 with a thickness of 0.7mm and a stripe pattern-like transparent electrode The transparence oxide thin film 1 2 
with a thickness of 40nm, The silver system thin film 13 with a thickness of 15nm, the transparence oxide thin film 
14 with a thickness of 40nm, and the insulator layer 15 that is cerium oxide with a thickness of 2nm as the 
pattern of this three-layer electrode is covered were formed, and it considered as the electrode substrate for 
liquid crystal displays. 

[0025] the transparence oxide thin films 12 and 14 — each — metallic element conversion (an oxygen element is 
not counted) — a cerium — 30at(s)% — it considered as the mixed oxide of the cerium oxide and indium oxide 
which are included, a silver system thin film — copper — 0.8at(s)% — it considered as the included silver copper 
alloy. All form membranes in sputtering and carry out pattern formation in wet etching. The insulator layer 15 
which is cerium oxide formed membranes in sputtering similarly. The sheet resistivity values of the three-layer 
electrode of this example were 2.8ohm/**, and the permeability in a glass reference (a medium is Ayr) was about 
97% in 550nm. 

[0026] both the naked eye after keeping the electrode substrate of this example under 60 degrees C and the 
environment of 95% of humidity for 200 hours, and a microscope — when the appearance was investigated by the 
method, change was not produced at all. Resistance and permeability were also changeless. Although the 
electrode substrate which has not carried out the laminating of the insulator layer 15 was put on the bottom of 
this environment as an example of a comparison for 200 hours, when the appearance was investigated, silverfish 
and the defect of several micrometers - 20 micrometer size appeared here and there near the edge of a stripe 
pattern. <BR> [0027] <Example 2> the electrode plate 2 concerning this example As shown in drawing 1 (b), as 
the glass substrate 21 with a thickness of 0.7mm and a stripe pattern-like reflector The transparence oxide thin 
film 22 with a thickness of 10nm, the silver system thin film 23 with a thickness of 150nm, the transparence oxide 
thin film 24 with a thickness of 10nm, and the insulator layer 25 that is cerium oxide with a thickness of 40nm as 
the pattern of this three-layer electrode is covered were formed, and it considered as the electrode substrate for 
reflective mold liquid crystal displays, the transparence oxide thin films 22 and 24 — each — metallic element 
conversion (an oxygen element is not counted) — a cerium — 30at(s)% — it considered as the mixed oxide of the 
cerium oxide and indium oxide which are included, a silver system thin film — copper — 0.8at(s)% — it considered 
as the included silver copper alloy. Each of others and membrane formation approaches and pattern formation 
approaches is the same as that of an example 1. The sheet resistivity values of the three-layer electrode of this 
example were about 0.2ohm/**, and the reflection factor in a barium -sulfate reference was about 93% in 550nm. 
[0028] both the naked eye after keeping the electrode substrate of this example under 60 degrees C and the 
environment of 95% of humidity for 200 hours, and a microscope — when the appearance was investigated by the 
method, change was not produced at all. Resistance and permeability were also changeless. Although the 
electrode substrate which has not carried out the laminating of the insulator layer 15 was put on the bottom of 
this environment as an example of a comparison for 200 hours, when the appearance was investigated, silverfish 
and the defect of several micrometers - 20 micrometer size appeared here and there near the edge of a stripe 
pattern. 

[0029] In addition, in an example 2, although thickness of an insulator layer 25 was set to 40nm, in order to 
harness the reflected light from the tooth space 26 between the patterns of a three-layer electrode, you may 
form around 50nm - 60nm still more thickly. By forming the cerium oxide of a high refractive index thickly, the 
reflected light component from other than the pattern section can increase, and further improvement in 
brightness of a reflective mold liquid crystal display can be aimed at. The substrate in which the cerium oxide of 
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50nm thickness was formed on the glass side has about 30 - 40% of reflection factor. In the substrate which did 
not form cerium oxide but the glass substrate exposed in parts other than a pattern on the other hand, it is 5 - 
6% of reflection factor. On the contrary, in the case of a transparency mold liquid crystal display, it is necessary 
to stop the reflective component from the tooth-space section but, and if thickness of cerium oxide is set to 5nm 
or less and made to form, a reflection factor almost comparable only as a glass substrate can be obtained. 
[0030] 

[Effect of the Invention] According to this invention, moisture resistance can be improved, maintaining high 
permeability in a transparent electrode, in order to arrange an insulator layer with a larger refractive index than 
2.1 on a three-layer electrode. Moreover, moisture resistance can be improved in a reflector, with a high 
reflection factor maintained. Moreover, as an electrode substrate for reflective mold liquid crystal displays of the 
Nor Marie White display, since the reflection from for example, the tooth-space section of those other than an 
electrode pattern is also expectable, further improvement in brightness is achieved. Moreover, since a part of 
thickness of a transparence oxide thin film can be replaced with cerium oxide, the amount of the expensive indium 
oxide used can be reduced. 
[0031] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the electrode substrate concerning [ concerning an example 1 in (a) ] an 
example 2 in (b), respectively. 

[Drawing 2] It is the sectional view showing an example of the transparent electrode plate used for a liquid crystal 
display. 

[Drawing 3] It is the graph which shows the spectral reflectance and spectral transmittance at the time of 
changing the refractive index of a transparence oxide thin film of the electrode substrate concerning this 
invention. 

[Drawing 4] In the simulation of an electrode substrate, it is the graph which shows the difference of the spectral 
characteristic at the time of being a time of the refractive index of a medium being 1 t and 1.5. 
[Drawing 5] It is the graph which shows the spectral characteristic at the time of changing the thickness of a 
silver system thin film of the electrode substrate concerning this invention in a thin field. 

[Drawing 6] It is the graph which shows the spectral characteristic at the time of changing the thickness of a 
silver system thin film of the electrode substrate concerning this invention in a thick field. 
[Description of Notations] 
11 21 : Substrate 

12, 14, 22, 24 : Transparence oxide thin film 
13 23 : Silver system thin film 
1 5 25 : Insulator layer 
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i©aw«*4 o±cj««isnfcKift«i4 1 tT-t 

tt^/^y^U >ifK:J:9j£IIJI3n, BffS©/^->»cx 

■7 > ^ $ nfca-nwtttitic <fc 0 $ nx n -5 . 

[0 0 0 3] KDS^tMlilTIJ. -tW^i** 



2 

2. 4x 1 o-4q • err, aw«ffitbTa«iiffl$n 
oq/dts-s. ^©tetfc> mtmmm, z.<d 

«i:ttfsi/Tt>au. 

[0 0 0 4]-*, 1 9 8 2*PB#-C8B«$ftfc*7@ 
I CVMCS^T. *M»S9tl»tbT«jflW©**B»C 

1 TO»R*fcttlMb^>5>*A»B& (IO»I) 

US. C©3B«jg©aa^«ttl««fecfc-^5Q/Dgg 
[0 0 0 5] 

T/U-fSH^AfflfcSllfciS^Ttt. ifi¥. 

o. o o ummm<D¥y?-r°±mmwnM(Di% 

$n-5*iC (COG) tCfet^Ttt. E*©ll#0L.*«fi 

2 0~5 0 um£frOIMt£ft*tf3-ftt&0. 

[0 0 0 6] •?-©— ^TS^HBW^SWbt)** 

SiaTfiO, c©J:57SAiSS<b^^^T±^Lfe<t'5 

AK«i«EESB]ttlT#* «fc3 KT&fc&Kte. ±ES91 
«atUT5Q/D£ilTtVi5«^i»«tt«r«l7t.fcaW 

[0 0 0 7] Lj&»l/fc**&, JB7HI CVMK*l>T« 

J8I©JP££ 1 6~1 8 n mgS{C^<T^) dtJCt 
**«. 'BJMTt^aa^ (#tCj£fi6 1 OnraggCSI 

fi«©iij«3t»aiiJto *»7 5xiit*TfiTu an 

[0 0 0 8] S&K, ±G3H«jftoan««RiC«t» 
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(3) 

3 

$hm&&&iiz. *mwizz.<D& otzfflm&izms bt 

ftSnttiOTioT. ^©Slli£Tft<h;iftte. I9R 

< «#*stt»c«nfc mwmmm&m-r ft zt\z$> 
ft. 

[0 0 0 9] *M»fflSWMl:6UTtt. 
ft. £©fc», **^7XvWtt©ffiiri*fl:li»SS4f 
tftS»»©aWtIH:. 7>y3SK-7 p L£%>©-?>, 7 
HiLT4 0 0 nm~8 0 0 nrntMOlV^if I: 

[ooio] #5swt&tt. nne.©iBnases»iHi/ 

5ftSa»*iLT, 0. l~3at%^*^# 

Sr»Scbfc««*«SS36LTlr>*. L-t^U d©«J* 20 

*rrft«tj£©#«§l (BIT. 3H^tB§T) 

6 0t. 9 5 %SS©«ia«SS^TICT«® 
Tfti, £±^2 0 0^M«r«T?/X^->K*/h©->3 

[0011] 

mfr^KM&mzmnzmmmz, ffi«BiiLT3ji* 30 
iwco^Kt £smbi;:ib&?\ 

lt©?£Jl©®ST*« 1 . 5~1. 6 US?) 

x.ftsg) tmTz>Km<D3mmm<nm&izmm-c& 
ft. 

[0 0 12] 09*. tf. *f7^»0*S±IC»J«Snfc3 
gmffi©M-fi!l^§lTifeft«-&©->5iU— >3 >*s* 40 
SB4CB*T3?til>. iSi®*T«t:-?T9 6%Sk 
±, SM-*R(il %fCifiUt^ftSTT*«ft. ^^Ttt 
S*ffl©a"HRfc**K©llff£4 Onm, AglM 
14nm. ai5t»r*ffloaWK<b«*l»OBIJ»*4 
4nmtLL SW»fl:«i»it©JB*f*S: I TOitt« 
HU2. OtbTfUlbfc. b*>U 3«mg±K#U 
-fS K<D£l4llt£4 0 nmttJIU :ni:«T4*ii© 
B*f**l. 5 iLTU-gbfi-f i, B4©A£a*-r.k 
pt:ail*Ti:RjW*Rtt^0»<tt*. i§i®*©tr 
-fl!9 0X*T@D. EWRI4. 3tffl»fi5 5 0 n so 



4 

[0 0 1 3] *5S9J*&»i. 3MMWZ 
©W-JUS, 89!ttft;**K0filirr**£*.T (BSt** 
ffeilb, H«»jHbU&) frofc. *S*€:0 3{C^ 

#fr*>ft. 

[0 0 14] Z(D^o\Z, *3S9!#Stt, 3M1flC« 

^t, m%Bm<Dmm\z*tfeVTmwm<mmm<Dmm 

feftdi^Jl.ttiL-T^ft. Z<D'M 

itMT3 llfOflltt«>*« < lft±T ft ZtZM 

«£«*.**aS«K:*s^T. ±IEi*«l!IS±£JB8rsPJ&* 
2. l J:0*#V»«WI*E«UT*6Jlt*Wiltr 
ft@a»£T»&ft. 
[0 0 1 5] Mfb-fe'J^Att. anlTWJtt**^ 
iHS&K. «2. 5©«ttTfc(r>JB$r***0. 

a 2 K«ibs»91tt. ffiftKOStttiiftft-tr U OAT** 
ftdi^tt^i-f ft, K*»liB*©*aS«T*S. 

[0016] fB*JR<DJgj$f*. ^©$iJl£ 1 n m~ 7 0 
nm©$gHICiS^-rftC t^jg^JTa&ft. InmiDI 

£H£>ft5»m (3a«att«^R6**»*t, C*l£ig 

&fc>-&#irf fti, lnm«<tfeMT^. 3 

»«a©aw»{b*&*K©fi-fli©K«tt. 

^£#lt-tft i 43*3 trta 2 0 nm~7 0 nmfflftlil^ 

nt^3l:ffhi%na. MtlClS^l nm~7 0 
nm©«it:**Ctt1«lt1-4**flll Sfett2B 

[0 0 17] 2 &KflKffiaE«:afc;fc*Sl 

JR. aWBMb«»K©JB»f**»<UTtiofc«^K* 

fc. 2W»ft«»RoJBSf**2. 3ib, 

(n = 1 . 5) «C!>antt^4to»StOgtJ9& 3 5 nm. 
ffi^«K©H/¥^ 12nm, ±JloS>PiKft«f9ila)ll 
IJ3 7nm, #U^5 FHffllfS4 Onm, «SSt 
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5 

~>3>*S*«:ig5fcjSLfc. **»Bt©lt»0»^* 

a«aa**«K<. K*ma<g<&D, s^^sut 

H*. ««j»Ot(O|R0^ 1 7 nmiOKWi. JtO 
m&S 5 0 nmT'»@3i*«9 0 X£H±«:ltftpT«C& 
dtJBlXfcO. 17nmJ:D*<**t4*8«)»4i: 
itfto***.- «»»Rtt4nm«t»J*<-r4t. 

•5fci*ffi^i??Si<DISIJPte4 nm«tOJP<f*^t**a* 

U>. fcfc. Sjl^LCD^HtriitLT, «»S»7tii 

SAy^^f htt*»«Ttt. tr3A,l 7 nmiOi 
fcSfgWS, iSiI©If^*4nm~ 1 7 nmcDfgB 

[0018] *&, 3««a^*^T. mmmmoi&m 

*^©R«K4:bTffl^-5it*«T?**. H6tt, Kit 
0JMr*fcl. 5, SBJgSHt^SP!g<75B#r*£2. 3. 
BiJI<&4 0 nmlCT, WiffllS£5 0nm, 75 
nm, lOOnm, 2 0 0nmtl/TySal/-y3> 
LfcfcroT&S,, M^WmommUflS 0 nm^^t 
8 OXtt«©KI*tt«Si&?). 2 0 0 nmTRW*« 

5 0 nm~2 0 0 nmOfgHUfeSdtSr^iTS, 
[0 0 19] ftfc, ESt««&»J*T igBJT* 

A, -fe^Sy^, ^I*5^B7 ; E;l'77XyU3/«) 

[0020] [ITO/Ag/ITO] 

j£icftS£n.5fie*©3jf!i«te. watttc*#ftiaia 

ITOttBffWl. 8~2. OSST 
KttH©3li«a*«ttT?*4t>OTftt* 

■fe'J V&tMtt,^ >3?2A©fi£HMfc*n£ 3Sm^roa 

*«r»fT*. 2, 3, 4*ifctt512*©« 

[0 0 2 1 ] £©ffl#Mfc«KJ:5ai»*fbtt««ttt. 



hl/SiU) T. ■fe'J9A7C*&5atX£t±, #Sb<tt 
2 0at%EUi, gtfb-f >5?">AkllnA*CtK«tO. 3 

DXyH5»f>fftlW!tt«i. -feU^ATC 
*©»tP«»44 0atXfilT**Jt^. 4 0atX£U:£fc* 

t&Z>. 4 0at%EU:©8sjbnST?t>, h*7-fl'yf>^ffl 

*U£A7c**4 0atX&iBA*WS;i'-C©iB 

-5. #fgBJ3#<E>©x-^T*te, -feU9A2 0at%Tn = 
2. 17, 30at%Tn = 2. 2 4, 4 0at%Tn = 
2. 3 0, 1 0 0at%Tn=2. 4 9 T&oito £t£. 

[0022] #»gn;:j: &^&B£*if 

#3!l, 2. 3, 4Sfctt6IE«S©«i««T*<&. 
[0 0 2 3] 

mwo^mommi *%wv>mm<DBm*. rt©si 

[0 0 2 4] 

[USS^I] EAT, *5eK©3*«09£BI®*#RlLTSMB 

<HSS^Jl>c<D»ig«sjlc^^ltS*«l Hi 
(a) K^T^IC, JJ£0. 7ramffl^77lffill 
«h, X h5-f ://1?->#©®BJ«I<hLTJ¥£4 0 n 
m©&918KbW¥l& 1 2 t, Jp2 1 5 nm(Dm%nmi 
3i, JSS4 0 nmOSWIMbttSMtl 4i, K3I1 

[ 0 0 2 5 ] i!TOfbtli$lll 2 , 14«l^fn*>&IR 
0at%-&£f, *ft-k'J9AiM<b'f >i?9A<!>fiMft 

f^yKT/^-^l/fefcCT**. ^{b-fe'J^A 

^HSS0ilO3»ma«, ffl«fitaffl^2. 8Q/D 
7757.U77 U>7. (KIttl7-) ~C 
CDSj1*«5 5 0 nmT*5 9 7 %TS>ofc 0 
[0 0 2 6] S*Jg««l©fl®a«$:, 6 0"C, Sg9 5 
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*©»»TK2 0 0*&IH#fl?Lfc«, WE. «««IM* 

2 0 OftmHlr*fcfe®a>fl-H€ll'«fc&£«. Xh7-f 

[0 0 2 7] <Hjfi«2>COHMi«IK35^5«ffi*2 
«, Ell (b) ir^T«t^tC> ffSO. 7mm©^7^ 

Jp£ 1 0 nm<DmWmit®mi&2 2i, JP^150nm 
2 3 »4l0nra©a«Kft*ill2 4 
£, ^3H«gC0/N°^->$:g'5<i:'5lr, f $40nm 
Olftt'J^7AT»4«Ml2 5 it»(8l/T, SttlJ 

2. 2 4(s, nmfc&jRTc*** (»*te*£:&s> 

W3HmffitS. ffiWStfiM^ 0 . 2 Q/0~£$> D . * 
fc, SUSA'J^A l^rU' >XT©SS*^«, 5 5 0 n 

[0 0 2 8] S*SS«»JO€ffiS«$:, 6 Ot:. MS.9 5 

*©«i«tk:2 o orawfiHffb&a, ah. mummis 

2 0 0B#F^g^fefeC5©n«*P^fe£Z:^, xh^-r 
7 p /1^->©X^vjfi^tcS:wm~ 2 0 /jmiJ-'fXCv' 

[0 0 2 9] 413, HMS«2»C*^T, *6i»IBI 2 5 ©lg£ 
A?S4 0nm£Lfcj&«. 3 l«ffi©/1^->K©^^- 
X2 6j&»e.©KJt7fc&S*»"rfc»&fctt. ^^)tCff<5 0 
nm~6 0nmiItMltfcSK iSJS#T*tf>${t 

flElRj±*H*Cli:**T**. 5 0nmf©ifttUW 
£#5*iB±fcJBJSLfcS«tt, *ct^-3 0~4 0%© 



(5) 

8 

->£«K!)»»T?3!f7^I«««lim/fta*ftt, 5~ 

»Yb"t U ^Acoil^ 5 n mJWTtC ITMt Vtbrni 

•5. 
[0 0 3 0] 

Lit**, iItt*fiJ:t5ut^T?*5. Sfc. J- 
[0 0 3 1 ] 

[01] (a) [tnmmuz, (t>) a^jsmK. ^e- 
nonfat! znm&momffimx&Zo 

[0 2] IK||«^S1HC«!fflSn*2lfl«««0-<f!l* 

[0 3] *%w\z%tiz>n®mw.<D, mmmitmmm<D 

[04] tIM0yial/->3>t*^T, If© 
JB8f¥**lT**£€r£l. 5T&3tit©#7frHrtt© 
so iS^t^57T*5. 

[0 5] *%^(C«^a*aS1S©. ^m»H©M/P^ 

[0 6] #fg93iC&fc>3ttSaffi©. &«$lgi©IRJ|i£ 

[??^©f&BJ] 

ii.2i: mm 

12, 14. 22, 24: mwrntyoBB: 

13, 2 3: 

is. 25: mmm 

40 

32] 
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